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Progress

Two technical memoranda, one reviewing the areas to be covered
for the study of computer requirements and one describing these
requirements for data input and preprocessing, are attached. About
half complated during this month is the area of target identificatiom.
Effort was also expaended in the ares of camera and capsule design,

Bext Month
The computer requirements study for target identification will

be completed and work begun on the solution of the equations. Also,
deaign efforts will proceed,

Jogseph B, Carroll
Project Engineexr

Attschments




PIAN FOR SIUDY OF COMPUTER REQUIREMENTS

Abstract 20007 /%

This memorandum outlines the various areas of study to
be pursued under the Computer Requirements phase of the
KASA contract. The navigation equation, whose solution
is necessary to derive information from the scanning
camera, will be studied for memory requirements, necess-
ary subroutines, and computation speeds. Also the
desirable featuras of a space computer to perform these
operations will coms under scrutiny, including such con-
siderations as buffered input of camera data, instruction
repartory, and types of storage. It is planuned to study
these areas in some datail, deriving design criteria,
success probabilities, and flow chart sequences for
implementing the scanning camera navigation concept.
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PIAN FOR STUDY OF COMPUTER REQUIREMENTS

INTRODUCTION

The requiremsnts imposed on a computer for the implamentation
of the scanning camara navigation concept are to be studiesd as
specified in ftems 1, 2, and &4 of the work stetement for contract
number HAS1.2002, As s beginning on this phase of tha contract,
the pth memorandum reviswsthe aress to be studied and the
goals toward which affort i to be directad.

Two areas are evident: Software and Hardware. The firet
essantially defines thoss requirements for "solving the problem";
that 1a, for gatharing data, identifying targets, and solving
the navigational equations. The study of '"Hardware" will be more
concerned with the computer itself: woxd length, memory, instruc-
tions, etc, During this phase of the contract, study will be
devoted to the individual components of each area. An evaluation
will be made of: the numbear of storage locations requirad, the
number of elementary operations of various kinda, and the spead
of computation,

The intent in the present pages is to rslate the various
parts, outline the method of attack in each area, and especially
to define the problem together with thoss agsumption basic to the
study. |

In general, what is desired from this phase of the contract
is a set of flow chart sasquences for tha various tasks involved
in compu&:ion of vehicle attitude and position., In additionm,




we want to define those features of the computer which are most
desirable for our purposes and assass their value in texms of
computation speed and number of memory locations required. In
a nutshell, we wish to show that the navigation techniques is
feasible, requiring only reasonable demands on ‘pmtnt-day
camputer techniques,
Following is a brief statement of each of eight topics
to be studied. In genersl, two assumptions are most significant:
(a) Tha camera instrumsntation will be separate from
ths space vehicle and its motion will follow that
of a rigid body symmetric sbout the desired spin
axis. It will be spun uyp about the symmetry axis,
though some precession (but not nutatiom) will
remain dus to releass arrors,
(b) The computer will be assumed to have, in addition
to the normal complement of arithmetic and data
transmission instructions, the internal capability
of multiply, divide, and search, and soms method
of high-spaed buffer input. Raquirements when
these do not exist will also be studied, but not
in as great detail.




I. SOFINARE REQUIREMERTS

These will be studied under the haadings: data input and
output, target identification, target position correction, deter-
mination of approximate attitude, and solution of the navigational
equations.

A. Data 1/0

This is to be studied in paralhl with such hardware items
as buffer input and intarrupt features. Principally one is
concerned with the acceptance and storage by the computer of data
from the camera. During each rotation perfod, the camera will
dﬁ:nct: about thirty targste (using the 100 brightest stars and
9 planats). Measuremsnt of transit time and intensity at each
of two slits will thus produce 120 pieces of information during
a singls scan, 7Thus, comsidaration must bs given to trade-off
batween the probability that information will "pile up"™ and the
basic speed of the conpmr Assuming uniformly distributed
transit times, a memory cycle of 2.5 useconds, and a spin period
of 10 seconds, ona can sxpsct to lose an average of one target
out of every 40,000,

This is certainly nagligible and a "reasonably fast" computer
would not than be a bottleneck. The detection process itself
forms a far greater problam. PFor a 10 second spin period, a
star takas 368 puseconds to cross a 20 second of grc slit ¢inelined
at 30° to tha v&tical). Now each slit sess thirty targats during

one period. I1f separate electronic instrumentation exists for



aach slit, and the targots are mifomly diatrs.butcd, then we
will lon, on the average one target out: of cvm.‘y 906 or about
ona urget in 30 scans. nns ia still not noticeable and should
not cauu any ser:lous navigational difficulty.

Concerning the output of data, it may prove duirabh to
control the bias lmh on the photounlti.puar

B. [Target um:ﬁcacton

| This -ubj-et ﬁom s noot cruci.al upnct of thc system,

For without it, the camta information .tn starih since the
mm:mmmmmw It 1s plamed to use
a combination of ocnn-m-ucm searching, mgni.tnda and ssparation
angls pairing, lul a unmo upon mamt: accuracy to cmphto
the recognition. ‘nu study will also mm- an ntimuon of the
dccid.nn values uod in m searches.

Mors prsciuly, it :ll ﬂ.ur. planncd to £iod two bright

t:argcts in each of cho m slits during one unn which have

nearly equal (anm fot procuncn cffncu) ti.ml maratiou
1f their intmi:ia auo mtch within l:lmits, thcn these are
tentatively um as hlonsins to one anoth.r Moving down the
lists for each slit an amunt nesrly equsl to the spin period
(again allwing for ync-nion, spin-up, and reloase exrors)
wcurytofindehmpatmnofpulns Aftcr this pattern
hasbmidmt:lfudtncach scan pariod, it fotuamchodof
battar estimating the pcriod and utabushu ‘blnch marks"., From
these, othar fainter puhu can be pai.rod and so on until enough




targets have been agssembled for the navigation section,

It is to ba noted that the targets are still not identified,
but also that ‘false' pulses will rather easily be eliminated
aince they do not rapeat from period to period,

To finally identify the targets, we use a combination of
angular separation betwesn pairs and intensity matching for
tentative identification. The idantification of one target is
accepted, say, after pairing with two other targets has given

consistent results.

C. Target Position Corrections
Because of the high accuracy (10 seconds of arc) desired

for targst position location, soms of ths stars and especially
the planets will have to have their ephemaris positions corrected
due to: aberration, the finite velocity of light, proper motien,
and parallex. Thase corrections of course, depand on vehicle
velocity, position, and the duration of the mission.

Por example, a flight out to Sacufn's orbit requires that
about four stars be corrected for parallax (to 2 seconds of arc)
vhile a mission of tsn years durstion toqutru the correction
of shout 28 stars for propar motion.

D. Approximats Attitude
The navigational equations are highly non-linear in the atti-

tude parameters, Bence their solution for thess quantities will
be accomplished in an iterative fashion starting from an assumed




initial set vof values, The determination of these initial valuss,
however, will in some cases not be ecasy. This is dus to the fact
that soms of the Euler angles describing attitude become indetesr~
minate vhen others go to zero. But it will be the duty of the
navigator to spin the camera in such a manner that this ie nearly
vhat happens. To epacify beforehand what the valuss of these
almost indaterminate angles should ba {s thuas impossible., Rurther,
for the navigator to make an "eye-ball” measurement of these
angles will also be highly difficult,

A possible solution is to compute from a restricted number
of transits and a simplified attitude motion the approximate
paramatars to be used a s initial valuss in the iterative process.
A stuly will be meds of this entire issus since convergenca to
false valuas is s distinct possibility in problems of this nature,

Po‘i:ion does not suffex. s similar difficulty in this cense
since it occurs linesrly in the equations and can ba solved for
-a:puéitly.

E. Solution of Mavigation Equetions

The nmavigation squations will be gsolved in two steps. Piret,
all star traneit timss will be used to determine by a least
squares method the vehicls attitude. This will require several
iterations using initial attituds values as mentioned in part
I-D above. It will ba assumed that the camera is spimning about
ite symmetyy axis while slowly precessing about the angular




momentum vector., The number of unknowns is six (three for initial
attitude and thi'ee more for initial attirvdarates).

The second part o_f tﬁc navigation problam‘ia position deter-~
mination. The computeé attitude will be used together ﬁit:h plénetary
transit times. -mu u a much simpler problem since the number
of unknowns is only thrce and these are limar in ths equations.
Thus only a three by thm matrix nesd be inverted and no position
approximations are requ:l.rad (this lattar is not atri.ctly trua,
but no 1ndetarminacy exists as it does with atti.tude).

The task of this aétion will be to determine the memory
and speed requirements need.d to solve thm equations together
with an examinatian of luch trade-offs as pomr of the computu'

instructions versus uqu:l:‘d memory for lesser commands.



IX, HARDWARE REQUIREMENTS

Thase will be studied under the headings: input-output
equipment, i.nstruc_t:lon repertory, and storage requiremsnts. The
factor of execution speaed entm into all of these and so does
not form g separate topie.

No attempt will be made during the planned study to design
the computer, but only to astimate those desirable features
useful in solving problems of the type under study. On the
othar hand, if thesa demand specisl dasign considerations, they
will of course be included,

A. t t t

In Section I-A, data rates as they affected memory cycle
time were discusgsed. There it was assumed that the computer
used all of its time in walting for the camera, sven though such
data comes at & rolastively low average rate. It might prove |
useful for ths computer to proceed with computation whqn not receiv-
ing and storing data. This, however, would require tuo features,
the feasibility of which and need for which wili be studied under
thias phasa.

The first is a high-speed buffer capable of holding sevaral
words of information and also capable of operating separately
from the main computer. ’nm function of this device would be to
accept camera data and automatically store it sequentially in
ordar of receipt and at a vary high rate. This would reduce

the problem of information loss due to lockecut and would permit



other operations to be performed during the dat:a acquigition
mode. The examination of the datails of the camera-buffer
interface and also buffer capacity will form part of tha study.
The second desirable feature is intarrupt. This demotes
the ability of the computexr to cease what it is doihg, execute
a totally unrelated sequence, then return to ite original task.
Henca, in the data acquisition mode, the main computer is informed
vhen a word of data is received by the buffer from the camera.
When it completes the current slemsntsry operation, the computer
then empties the buffer, stores this information appropriately,
and returns to its original sequence until receipt of the next
interrupt signal. |
It 1s aMt cartain that interrupt will be incorporated
into & space computer quite apart from the considerations of
navigation. The use of this feasturs along with a high-spesd
buffer will easily permit the computer to, say, partially analyze

the camera data prior to identification.

B. Instruction Repartory
From the standpoint of capability, the two most important

things are speed and the power of the elamsntary operations.

Quite obviocusly, weak instructions will require excaessive storage
and long computation times. On the other hand, powarful instruc-
tions make the computer itself lsrger, heavier, and more susceptible

to failure because of increased complexity. It does seem that a
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quite satisfactory compromise éan be reached by incorporating
instructions such as add, multiply, divide, shift, scale, and
search. These are certainly quite powerful, but do not require
extreme complaxity of design. '

It should be n;ted that the arithmetic operations suggested
are also recommindad to be in fixed point. This means that those
intricate and accurate computations which raquira floating point
(matrix inversion, e.g.) will have to be comstructed by programming
techniques which can incorporate the scaling instructions to
great advantage. For example, a floating point multiply could
be a subroutine which the main program jumps to each time such
an operation is called for. This doas not sxcessively increase
storage requirements, but may increase running time somewhat.

It appears that a floating point operation on a fixed point machine
takes on the order of six times se long to execute, This delay
can to some extent be 6fflet by increasing the basic speed.

Search instructions would greatly simplify the star identi-
fication problem, One simplified method of implementing a saétch
within limits would be through the use of a "Greater-than skip"
and.a "Less~than skip" instruction capable of address modification
(indexing) and in which the contents of the accumulator were not
deatroyed, It is also desirable to incremsnt the contents of
memory address and address modifiers without the use of the accumu-
lator, |

The word length used is especially important since it is

directly related to size and weight and also to computation accuracy.



The word length should probably be in the range of 25 to 30
bits. PFourteen seconds of arc angle accuracy'is fractionally
equivalent to between 16 snd 17 bits., The same ia true of posi-
tion accuracies of 300 feet in 6,000 miles, To avoid roundfoff
errors in complex subrbutincs or hatriz inversions, oﬁe might'
arbitrarily add another four bits. Note, howaver, that this is
only fractional accuracy and that the numbers encountered in
problems of this type can have a rather wide range of values.
Including another six bits for the power of ten will thus permit
the handling of numbers as small as 10732 or as large as 10+32,
Combined, these estimates give 26 to 27 bits for the desired
word length., Now it is also true that not all operations need
be performed in so accurate a fashion. Much of the time will
be taken in simple housekeeping such as indexing which may only
require a few bits at a time. In these cases, it may be highly
desirable to have the capability of using smaller words thus
increasing the speed of such operations,

It is not possible to firmly establish the computer speed
requirements without a more detailed study. It is falt, however,
that a moderately high spead computer (3 to 5 microseconds add
instruction) is required, not so much because of high solution rate
requirements, but chiefly because of the anormous amount of data
processing required, It 4s gssumed that the major portion of the
computer time will not be spent in performing arithmetic computa-

tions but rather in data proceseing, searching, and testing.
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C. Storage Requirements

Another factor in the dstermination of computer size and
vereatility i.s the amount of memory requirad for aach of the
various tasks. A space computer will be engaged in many opera-
tions, but we shall concarn ourselves only with those requirements
needad to implement the scanning camera navigation concept.

More specifically, tha number of storage locations needed
for each of the tasks outlined in Section I will be assessed.
Attention will be given to the necessary subroutines (sine-
cosine, square root, arctan, floating ;‘voi.nt, ate) and round-
off and truncation erzors. Permanent and scratch pad sections
ingide the main computer memory together with auxiliary devices
such as drums, tapes, etcetera for external storage of data and

programs will also bs considered.




